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REMARKS 

Claims 1, 2 and 4-9 are pending in the application. By this Amendment, claim 1 is 
amended. The amendments to claim 1 are solely to correct errors in recitation of terms in order to 
provide proper antecedent basis. No new matter is added. 

Reconsideration of the application is respectfully requested in view of the above 
amendments to the claims and the following remarks. For the Examiner's convenience, Applicant's 
remarks are presented in the order in which they were raised in the Office Action. 

Rejections Under 35 U.S.C. § 112 

(i) Clams 1-2, and 4-9 stand rejected under 35 U.S.C. § 1 12, first paragraph, as failing to 
comply with the written description requirement. 

The Examiner states that the specification as filed does not provide a sufficient 
description of the Egr-1 gene sequence or the Egr-1 gene products that are encompassed by the 
instant claims. 

Applicants respectfully traverse. Applicants submit that prior to the filing date of the 
instant application (January 9, 2001) and even prior to the filing date of the priority Australian 
Application PN8554 (filed March 7, 1996), the gene (nucleic acid) and protein sequence of Egr-1 
was publicly available to one of skill in the art. 

Applicants refer the Examiner to page 10, lines 16-21 of the Specification of the instant 
application citing an article entitled "Early Growth Response Protein 1 (Egr-1): Prototype of a Zinc- 
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finger Family of Transcription Factors" (Gashler A and Sukhatme VP, Prog. Nucleic Acid Res. Mol 
Biol 50:191-224 (1995). The article in its entirety is incorporated by reference into the 
Specification as specified on page 21, lines 25-26 therein. Figure 3 of the Gashler and Sukhatme 
reference (p. 204) shows the schematic structure and amino-acid sequence of the Egr-1 protein. 

Further, prior to the filing and priority date of this application Egr-1 gene and amino acid 
sequences from a wide variety of species (human, mouse, chicken and zebrafish) had been 
identified and characterized {see page 203 of Gashler and Sukhatme) and found to be "highly 
homologous." Characteristic structural attributes of Egr-1 proteins were also well recognized and 
Egr-1 proteins were known to contain three CysCys — HisHis zinc-fmger motifs. Page 203 of 
Gashler and Sukhatme discuss these attributes. 

Thus, the Specification and references incorporated into the Specification provides not 
only functional characteristics of Egr-1 but structural (sequence) description of Egr-1 in satisfaction 
of the Written Description Guidelines and MPEP 2163. 

Applicants also include herewith additional references (published prior to the priority 
date of this application) which disclose the gene and amino acid sequences of Egr-1 and were 
available to one of ordinary skill in the art who would thus have concluded that the inventors had 
possession of the claimed invention. Figure 1 of Joseph et al shows a comparison of the sequences 
of Egr-1 and Egr-2 ("Molecular cloning, sequencing, and mapping of EGR2, a human early growth 
response gene encoding a protein with "zinc -binding finger" structure" Proc Natl Acad Sci USA. 
85(19): 7 164-7 168 (1988 Oct)). Suggs et al. provide a complete cDNA sequence of Egr-1. (Suggs 
SV, Katzowitz JL, Tsai-Morris C, Sukhatme VP. "cDNA sequence of the human cellular early 
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growth response gene Egr-1 M Nucleic Acids i?es. l8(T4) :4283 (1990 Jul 25)). The abstracts of two 
other published articles which provide the gene and amino acid sequences of Egr-1 are also included 
for the Examinees reference: (i) Sukhatme et al " A novel early growth response gene rapidly 
induced by fibroblast, epithelial cell and lymphocyte mitogens" Oncogene Res. 1987 Sep- 
Oct;l(4):343-355; and (ii) Sukhatme et al " A zinc finger- encoding gene coregulated with c-fos 
during growth and differentiation, and after cellular depolarization" Cell. 1988 Apr 8;53(l):37-43. 

Applicants submit that the Specification, references incorporated therein and the state of 
the art prior to the filing date of Applicants' priority application provided sufficient guidance to one 
of skill in the art about the structural and functional characteristics of Egr-1 to conclude that the 
Applicants were in possession of the claimed invention at the time of filing. Therefore, applicants 
respectfully request that the "written description" rejection under 35 USC §1 12, first paragraph be 
withdrawn. 

(ii) Claims 1-2 and 4-9 stand rejected under 35 U.S.C. § 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention . 

Claim 1 stand rejecetd for indefmiteness over lack of antecedent basis for the term 
"putative compound." 

In response, applicants amend claim 1(a), line 4 to recite "a putative compound" 
(emphasis added) and amend claim 1(b), line 8 to "the putative compound" (emphasis added) in 
order to provide proper antecedent basis for this term in the claim. 
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In addition, claim 1(a), line 4 is amended to replace "the" ability with "an" ability for the 
purpose of removing any ambiguity regarding antecedent basis for the term "ability.". 

In view of these amendments to claim 1, Applicants believe that the terms recited in 
claim 1, as amended, have proper antecedent basis and respectfully request withdrawal of this 
ground for rejection under 35 USC §112, ^[2. Claims 2 and 4-9 depend from claim 1. 
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CONCLUSION 

In view of the amendments and arguments set forth above, Applicants earnestly believe 
that they are entitled to a letters patent and respectfully request the Examiner to expedite 
prosecution of this patent application to issuance. Should the Examiner have any questions, the 
Examiner is invited to telephone the undersigned at the number given below. 

In the event the U.S. Patent and Trademark office determines that an extension and/or 
other relief is required, applicant petitions for any required relief including extensions of time and 
authorizes the Commissioner to charge the cost of such petitions and/or other fees due in connection 
with the filing of this document to Deposit Account No. 03-1952 referencing docket 
no. 529282000220. However, the Commissioner is not authorized to charge the cost of the issue fee 
to the Deposit Account. 

Dated: September 3, 2004 Respectfully submitted, 

By_ 

Shantanu Basu 

Registration No.: 43,318 
MORRISON & FOERSTER LLP 
755 Page Mill Road 
Palo Alto, California 94304 
(650) 813-5995 




pa-916156 



25/00 'Oi rbE 18:2e FAl( J 8344 



©002/010 





^002-60-20 



m£ 6Z96 CO 




^002-60-20 



uojpibm uosmbq 9>ie|g 



lilt 6Z96 eo 




UOJp|BAA UOSMBQ Si(B|g 



lilt 6/96 £0 



23/09 03 TUB 10:27 FAI/ 9 9344 9BS« 



8)003/018 





^003*60-20 



uojpibaA uosmbq 9>|B|g 



me 6Z96 so 



23/09 6'i 'TUE 10; 28 FA^ - 3 8344 9988 



8)006/010 




fr002-60-Z0 



urd iZ'.LV'tO 



UOJp|BM UOSMBQ 9>|Big 



me 6Z96 eo 



23/09 1 03 TOE 13:29 FAX( ' * «344 9589 



r 



61007/019 




fr002"60-ZO 



ai d st^Zt^O 



H-te 6Z96C0 




uojpibaa uosmbq 3>|B|g 



me 



23/09 03 TOE 10:30 F . * 3 8344 9088 



c 



Booe/oid 




lllltlll Iff 



" tiff' 

mi 



mil 

i Ills 




~'i if 



8. 



•a a 




8- 




93/ 0 1 



fr003-60-Z0 



uojpiem UOSMBO 8>|B|g 



L L I.E 6Z96 CO 



23/09 '03 TUE 10:30 ft 



*JiC . 3 8344 ( Bl 010/0 19 




82/ U ^002-60-20 Lud e I WPO uojp|e/\A uos^bq s^eig lH.e6Z9ff£0 



29/09 ' 03 TUB 16:31 F^' '1 3 8344 9568 



ta on/oi o 




aooam 



4 & < & « 
W 

ft. f* * » 0 k k»" M 
« M M M X 

IttPQrf 6dDt) D 

M * t« Q H't-KH 

A », * a «h * M * B. ■ 0 

M d M M M l« S» 

4Hritf Mii * m m m m 

u * ■ ■ ts *«M>ai9-a 

* ft X O 

M W « «! 

■ » * O O HhHMri 

fc4A4N j j ii ^ J 

* m m m « a a o n » •» 

* p p *l * «t»wnt« 
M ftft»U Sttff^flfli 

* ■ « M fa >« tanu««ft 



> < «4 » P 

l» ■ u « p m 

o ft g j al AC 
t M 4 M 4 4 O 
a v w .1 > (4 

4*44 4*4 ♦ * * K J & O 



ft n. ik a X i* 

* M M * M 

« « fl| C B B B 
C *> b* §• I* 

' « P » « ■ » 

J .1 >| J J Q 



a ■ m ► o ■ 

* ot « m i« ■ a 
J *i J c*** 

1 1 M M X P> *• 
M M M P P * 
h h 4 Hh n 



I IT II J J J 



p. M * m u 



i m « * » 



0 n n a o « 

N i V H 4 4 

n n N « t* M 
P» P P P *» 
****** 



»u u u U « «l 
a o o a a a 



ft ft h» k, 4i P 



D O n M D 

u o v u u 

B ■ ll A D 

ft « ^ ^ t< 
M * a M 

uuuuu 



23eee 

1 4 SiiE* 



X X X C* 0 * 

» uuouuv 

» I • • H » 
I I I f M * 

H H M p f M 

- u u u u u u 

eseees 



0 a & o * > 

» uuuuuu 

M ft, *B ■ 9 

1 .« I » ■ h 
t » t 4 * 0 

* U W U U U U 

633S6S 



n ■ 



I! 




* »;i|fifii]j 



ll* 

£.1 J 



83/ St 



^003*60-20 



UOJp|BAA uosaabq s>iB|g 



1 1- It 6Z98 £0 




UJ d 



UOJPIBM UOSMBQ Qi)B|g 



lilt 6Z9&C0 



23/09 '03 TUB 16:35 FAl( 3 8344 85*8 



c 



Q014/019 




I 

82/ SI POOZ-60-ZO ujd 6i: tS^O uojpjBM uosmbq ©>|B|g I U£ 6296 £0 



23/09 ' 03 TOE 16; 03 PAZ( 3 6344 9588 



01015/019 




t^OOS-60-30 



•urd ZfrHS^O 



uojp|©AA uosmbq 3^|e|g 



me 



23/09 ' 03 TUE 18:34 FAX ( 3 6344 85*8 




23/0* *03 TUH 16:35 FAX(~ 3 «344 95S« 



Si 018/019 



3 



CM 

5C 




id 



3 3CS gggsiggg 



is a* 




IlfflJliPlflllllll] 



1 



0 gtf < 



?^5] if. 



J ui >' «4 J* ~>>a2 4 

tig fierfdrijS 



IllPjiSiliisiiliiipI 




Itiifi^IIJJl' 



n!4 i e£ i i i" 38 38 *! 
n siSs w « *5 98 « 



a < 



if><l<ii: 



S wS ^6 ai oi Bi >< d i 

4 xi ***$s*53 



82/61 



^002-60-20 



HIE 6Z96'£0 



Proc. Natl. Acad. Set. USA 

Vol. 85, pp. 7164-7168, October 1988 

Biochemistry 

Molecular cloning, sequencing, and mapping of EGR2, a human 
early growth response gene encoding a protein with 
"zinc-binding finger" structure 

(cell growth /transcriptional regulator /multigene family /DNA-binding domain) 

Loren J. Joseph*, Michelle M. Le BEAut, Gordon A. Jamieson, Jr.*, Sonia Acharya*, 
Thomas B. Shows§, Janet D. Rowley"^ and Vikas P. Sukhatme*H 

•Department of Medicine, Howard Hughes Medical Institute, tloint Section of Hematology/Oncology, Department of Medicine, ^Department of 
Pharmacological and Physiological Sciences, University of Chicago, Chicago, IL 60637; and ^Department of Human Genetics, Roswell Park Memorial 
Institute, Buffalo, NY 14263 



Contributed by Janet D. Rowley, June 21, 1988 

ABSTRACT Early growth response gene-1 (Egr-1) is a 
mouse gene displaying /os-like induction kinetics in diverse cell 
types following autogenic stimulation. Egr-1 encodes a protein 
with "zinc-binding finger" structure. Zinc fingers are a 
protein structural motif that serve as DNA-binding domains in 
several transcriptional regulatory proteins. Using low- 
stringency hybridization with an Egr-1 cDNA probe, we 
identified a distinct human cDNA (designated EGR2 for early 
growth response gene-2), which is coregulated with EGR1 by 
fibroblast and lymphocyte mitogens; however, several stimuli 
that induce Egr-1 mRNA in PC 12 (rat pheochromocytoma) 
cells do not induce Egr-2 mRNA. The cDNA sequence predicts 
a protein of 406 amino acids, including three tandem zinc 
fingers of the Cys 2 -His 2 class. Strikingly, the deduced amino 
acid sequences of human EGR2 and mouse Egr-1 are 92% 
identical in the zinc finger region but show no similarity 
elsewhere. EGR2 maps to human chromosome 10 at bands q21- 
22. Structure-function analysis of EGR2 and EGR1 proteins 
should provide insight into the mechanisms linking signal 
transduction and transcriptional regulation of gene expression. 



Genes controlling proliferation or differentiation of eukary- 
otic cells have been identified by differential screening (1-5) 
of cDNA libraries. We (6, 7) and others (2, 3) have identified 
cDNAs the expression of which is upregulated by serum 
stimulation of quiescent mouse fibroblasts. One cDNA from 
our initial screening was also induced by epithelial cell and 
lymphocyte mitogens (7). The cDNA for this mouse early 
growth response gene (Egr-1 ) encodes a protein that contains 
three "zinc-binding fingers*' of the Cys 2 -His2 subclass (6, 8, 
9). Egr-1 expression is also modulated during neuronal (4, 6) 
and cardiac differentiation and after cellular depolarization 
(6). These data suggest a role for Egr-1 as a nuclear inter- 
mediary in signal transduction. We used low-stringency 
hybridization with an Egr-1 finger-region probe to isolate 
several distinct human cDNAs. We report the cDNA se- 
quence, functional characterization, and mapping of one of 
these clones designated EGR2." Recently, others have used 
a similar procedure to identify murine clones that cross- 
hybridize with the Kruppel finger region (10-12). We show 
that one of these clones, Krox-20, is the murine homologue 
of EGR2. Egr-1 [NGF1-A of Milbrandt(4)], EGR2/Krox-20, 
and additional EGR cDNAs (L.J.J. , V.P.S., unpublished 
data) encode zinc fingers with remarkable amino acid se- 
quence conservation throughout the putative DNA-binding 
domains, suggesting that they recognize a similar set of target 
DNA sequences. The differences outside of the finger do- 
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mains might be important in understanding their other regu- 
latory interactions. 

MATERIALS AND METHODS 

CeD Culture. Cell lines 303 and HSWP (human foreskin 
fibroblasts) are from J. R. Smith (Baylor College of Medi- 
cine) and M. Regan (Oak Ridge), respectively. PC12 cells 
were provided by C. Palfrey (University of Chicago). Cell 
culture methods were as described (6). 

RNA and Southern Hybridizations (13). All blots were done 
with GeneScreenP/ws (New England Nuclear-DuPont), ex- 
cept RNA dot blots, for which GeneScreen was used. 
Hybridizations were at 65°C in 1% NaDodSO 4 /10% dextran 
sulfate/1 M NaCI for 16 nr. Filters were washed at room 
temperature in 2x SSC (lx SSC = 0.15 M sodium chlo- 
ride/0.015 M sodium citrate, pH 7), next at 65°C in 2x 
SSC/1% NaDodS0 4 (low stringency), then at 65°C in 2x 
SSC/1% NaDodS0 4 (moderate stringency), and finally at 
65°C in 0.1 x SSC (high stringency). Probes were made by 
random hexamer priming (14). RNA for hybridization anal- 
ysis was isolated by the method of Chirgwin et al. (15), 
whereas for dot blots the method of Cheley and Anderson 
(16) was used. 

DNA Sequencing. Sequencing was done by the dideoxy- 
nucleotide chain-termination method of Sanger et al (17) and 
the double-stranded method of Zagursky et al. (18). 

Chromosomal Localization. The methods used have been 
described (19-23). 

RESULTS 

Isolation of EGR2 cDNA Clones. A 2.1-kb Apa l-Apa I 
mouse Egr-1 fragment that includes the finger region (6) was 
used at low stringency to screen a lambda ZAP (Stratagene, 
San Diego, CA) cDNA library constructed from RNA ex- 
tracted from cells (303 cell line) 3 hr after serum (20%) 
stimulation and cycloheximide (10 ftg/ml) treatment. Of 
several positive plaques obtained, clones Zap 2, Zap 8, and 
Zap 32 (Fig. 1) hybridized to a finger-region probe from Egr-1 
but not to probes flanking the finger region and contained 
common restriction fragments when cut with 4-base cutters. 
Fig. 2A shows an RNA blot of cell line 303 3 hr after 
stimulation with serum and cycloheximide probed with the 



Abbreviations: EGR1 and EGR2, human early growth response 
genes; Egr-1 and Egr-2, rodent early growth response genes; nt, 
nucleotide(s); PMA, phorbol 12-myristate 13-acetate. 
iTo whom reprint requests should be addressed. 
"The sequence reported in this paper is being deposited in the 
EMBL/GenBank data base (IntelliGenetics, Mountain View, CA, 
and Eur. Mol. Biol. Lab., Heidelberg) (accession no. J04076). 
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Fig. 2. EGR2 mRNA expression in human fibroblasts. (A) RNA 
blot analysis of EGR2 mRNA expression in confluent serum- 
deprived cell-line 303 human fibroblasts 3 hr after stimulation with 
20% fetal calf serum and cycloheximide. Ten micrograms of total 
RNA was electrophoresed through a 1% formaldehyde gel, blotted, 
and probed with the 32 P-labeled insert of clone Zap 2. The filter was 
washed at moderate stringency and exposed for 18 hr without an 
intensifying screen. Arrowheads indicate the location of the 28S and 
18S rRNAs. (B) RNA analysis of EGR2 expression in confluent 
serum-deprived HSWP cells after stimulation with 20% fetal calf 
serum. Five micrograms of total RNA were loaded in each lane. Cells 
were harvested as follows: no treatment (lane 1); 1 hr (lane 2); 3 hr 
(lane 3); 3 hr after stimulation with serum and cycloheximide (lane 4). 
The filter was probed with the P80 insert, washed at high stringency, 
and exposed for 8 days with a single intensifying screen. (C and D) 
Extended time course of EGR2 and EGRl induction. HSWP cells 
treated as in B. Replicate dot blots were prepared. Both the top row 
(serum only) and bottom row (serum and cycloheximide) are from 
cells harvested at 0, 1, 3, 6, 12, and 24 hr after stimulation. The filter 
in Fig. 2C was probed with the P80 insert. The filter in D was probed 
with an Msp l-Rsa I 700-base pairs (bp) probe from the region 3' to 
the finger domains of Egr-I (6). The filters in C and D were washed 
to high stringency and exposed overnight with a single intensifying 
screen. 

Zap 2 insert. Multiple bands were detected after moderately 
stringent washing, but the band at 3.2 kilobases (kb) was 
dominant and designated as the £(7£2-encoded transcript. 

EGR2 mRNA Is Induced in Serum-Stimulated G 0 Human 
Fibroblasts. We asked whether EGR2 is induced in human 
fibroblasts by serum in the absence of cycloheximide. HSWP 
cells were used to exploit the extensive characterization of 
mitogen-stimulated events in that line (24, 25). Because 
EGRl mRNA might cross-hybridize to EGR2 y a nonfinger- 
encoding Rsa I fragment from Zap 8 (Fig. 1) was subcloned 
into pUC19 and designated P80. Fig. IB shows that the EGR2 
mRNA level is elevated in HSWP cells at 1 hr and barely 
detectable at 3 hr after serum stimulation. Cycloheximide 
addition results in superinduction. Fig. 2 C and D show a 
replicate dot blot comparison of EGR2 and EGRl induction 
in these cells over 24 hr. The signal intensities suggest that the 
level of EGR2 mRNA induced was several-fold lower than 
the level of EGRl mRNA. 

EGR2 Is Induced in Phorbol 12-Myristate 13- Acetate 
(PMA)-Stimulated Human Mononuclear Cells. To see 
whether induction of EGR2 mRNA was specific for fibro- 
blasts or a more general phenomenon, we examined human 
lymphocytes. Fig. 3A shows an RNA blot analysis of human 
peripheral blood mononuclear cells subsequent to PMA 
stimulation. The P80 probe detects two transcripts at 2.5 and 
3.2 kb after high-stringency washing. 

Egr-1 But Not Egr-2 mRNA Is Inducible in PC12 Cells. 
Several stimuli induce Egr-1 mRNA in PC12 cells (4, 6). RNA 
was prepared from PC 12 cells 1 hr after stimulation with the 
agents indicated in Fig. 3B-D. Fig. W shows the results of 
hybridization with an Egr-I probe that includes the finger- 
encoding region. Fig. 3C shows a replicate filter probed with 
the Zap 2 insert that includes the finger region of EGR2. The 
filter shown in Fig. 3D was probed with P80, a nonfinger 
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Fic. 3. EGR2 mRNA expression in human lymphocytes and in 
PC12 cells. (A) Peripheral blood was separated on Ficoll/Hypaque. 
Mononuclear cells (5 x 10 7 ) were used for each point. Cells were 
resuspended in medium containing 10% fetal calf serum and PMA (25 
ng/ml). Five micrograms of total RNA was loaded in each lane. Cells 
were harvested at intervals after stimulation: 0 hr, no treatment (lane 
1); 45 min (lane 2); 2.5 hr (lane 3); 5 hr (lane 4); 1 hr after maintenance 
in autologous serum (L.J.J.) without PMA (lane 5). The filter was 
probed with the P80 plasmid, washed to high stringency, and exposed 
overnight with a single intensifying screen. (B-D) RNA dot blot 
comparison of Egr-1 and Egr-2 expression in PC12 cells. Cells were 
harvested at 1 hr after stimulation with the agents indicated. 
Replicate RNA dot blot filters were made. {A-D) 1, no treatment; 2, 
sham treatment with serum-free medium; 3, PMA (100 nM); 4, nerve 
growth factor (100 ng/ml); 5, epidermal growth factor (100 ng/ml); 6, 
calcium ionophore A23187 (5 p>g/m\); 7, bradykinin (100 ng/ml); 8, 
A23187 (5 Mg/ml) plus PMA (100 nM). (B) This filter was probed with 
a 2.1-kb Apa \-Apa I probe, including the finger region, of Egr-1 (6), 
washed to high stringency, and exposed overnight with a single 
intensifying screen. (O This replicate was probed with the Zap 2 
insert, washed to moderate stringency, and exposed overnight with 
a single screen. (O) This filter was probed with the insert of P80, 
washed to moderate stringency, and exposed overnight with a single 



region probe from EGR2: no hybridization is detected after a 
3-day exposure. These results indicate that the weak signal 
seen in Fig. 3C is from cross-hybridization due to the finger 
region and sets an upper limit on the level of induction of 
other zinc finger-encoding transcripts. 

cDNA Sequence. Fig. 1 shows the restriction map of the 
EGR2 cDNA and its complete nucleotide sequence. The 
sequence is 2719 nucleotides (nt) long and terminates in a 
poly (A) tract. There are in-frame termination codons at nt 3 
and 15. Following these are several methionine codons; 
however, none fulfill the Kozak (26) criterion for an initiator 
codon: RNNATGG, where R represents adenine or guanine. 
The most 5' ATG is usually the functionally important 
initiator; a common exception is for protooncogenes (26). 
The methionine designated as amino acid number 1 (nt 204) 
for EGR2 corresponds to the most 5' methionine reported in 
the Krox-20 protein. We made this choice based on the fact 
that the nucleotide comparison (see below) of EGR2 and 
Krox-20 sequences suggests that they are homologues. The 
two nucleotide sequences diverge before this methionine. 
This ATG initiates an open reading frame of 1218 nt, 
terminating at the stop codon at nt 1422. A polyadenylylation 
signal consensus sequence, AATAAA (27), is located at nt 
2681, 14 nt before the poly(A) tract. 

Structural Features of the Deduced Amino Acid Sequence. 
The cDNA sequence predicts a protein of 406 amino acids 
with a Af r of 43,307. Amino acids 286-370 form three tandem 
zinc fingers of the form Thr-Gly-Xaa 3 -(Tyr/Phe)-Xaa-Cys- 
Xaa 2 _ 4 -Cys-Xaa 3 -Phe-Xaa 5 -Leu-Xaa 2 -His-Xaa 3 -His de- 
scribed as a consensus sequence for members of the Cys 2 - 
His 2 class (6, 28, 29). The fingers are connected by H-C links 
[Thr-Gly-Glu-(Arg/Lys)-Pro-(Phe/Tyr)-Xaa], a highly con- 
served motif described by Schuh e t ah (30) and found in the 
Egr-1 protein and other, but not all, members of the Cys 2 - 
His 2 family. EGR2, like Egr-1, is rich in proline (15%), serine 
(11%), alanine (8%), and threonine (7%) residues. There is a 
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Table 1. Concordancy analysis of somatic cell hybrid panel 
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The table is compiled from 33 cell hybrids involving 15 unrelated human cell lines and 4 mouse cell lines (21-23). The P80 EGR2 probe was 
hybridized to Southern blots of £coRI-digested DNA from human-mouse hybrids. The EGR2 gene localization was determined by scoring the 
presence or absence of a human band in the hybrids. Concordant hybrids have either retained or lost the human EGR2 band together with a 
specific chromosome or the reverse. These concordances are designated ( + / + ) and (-/-), respectively, where the first symbol denotes the 
presence or absence of the human EGR2 band and the second symbol denotes the presence or absence of the specific human chromosome. 
Percent discordancy indicates the degree of discordant segregation for a marker and a chromosome ([-/ + ] or [ + /-]). A 0% discordancy is 
the basis for chromosome assignment. The EGR2 gene mapped to human chromosome 10. DNA from hybrid XTR-3BSAgB with no intact 
chromosome 10 but retaining 10pter-> 10q23 showed hybridization with the P80 probe indicating that EGR2 is located 10pter-> 10q23. 



run of 7 consecutive prolines (amino acids 117-123) and of 13 
serines and alanines (amino acids 247-259). The high content 
of threonines and serines suggests that EGR2 could be 
phosphorylated, a potentially important means of regulation. 

Comparison of the Amino Acid Sequence of the Zinc Finger 
Regions. The amino acid sequence of the finger domains of 
EGR2 is 100% identical with that of Krox-20 sequence (Fig. 
1). The finger region sequence of EGR2/Krox-20 shows an 
average identity of 37% with the Kriippel fingers (11, 12, 30), 
due primarily to the conserved H-C link sequence. The loop 
of the first finger of EGR2/Krox-20 sequence matches the 
loop of the second finger of the transcription factor Spl at 8 
of 12 amino acids and at 10 of 12 amino acids when one 
includes conservative changes (12, 29). More striking is the 
92% identity between the amino acid sequence of the EGR2/ 
Krox-20 zinc finger region and the corresponding region in 
Egr-1 (nucleotide identity in region is 78%). Notably, none of 
the four amino acid differences between Egr-1 and EGR2 are 
located at the "finger tips," which are thought to contact the 
target DNA sequence (31). There is marked sequence simi- 
larity among Egr-1, EGR2, and Krox-20 sequence immedi- 
ately 5' of the finger region and for Egr-1 and EGR2 
immediately 3' of the finger region (Fig. 1). There is no 
significant similarity elsewhere between Egr-1 and EGR2. 

EGR2 (Human) and Krox-20 (Murine) Sequences Are Ho- 
mologues. There is extensive nucleotide similarity between 
EGR2 and Krox-20 cDN As (Fig. 1), suggesting that these two 
cDNAs are homologues. The overall nucleotide identity is 
75% (87% in the coding region and 89% in the finger region). 
The amino acid identity is 84% from the initiator methionine 
to the last amino acid of the finger domains (after which the 
two deduced sequences diverge markedly because of a single 
nucleotide difference at position 1314 in EGR2 — see Discus- 
sion). 




10 

Fig. 4. Distribution of labeled sites on chromosome 10. The 
figure summarizes the analysis of 100 normal human metaphase cells 
from phytohemagglutinin-stimulated peripheral blood lymphocytes 
that were hybridized with the EGR2 Zap 32 cDNA probe. Each dot 
indicates one labeled site observed in the corresponding band. 
Seventy percent (29/41) of the labeled sites on chromosome 10 were 
located at q21-22; this cluster represented 18.1% of all labeled sites 
(29/160). 



Chromosomal Localization. The results of Southern blot 
analysis of genomic DNA from mouse x human hybrids 
probed with the P80 (nonfinger region) plasmid are shown in 
Table 1. The discordancy scores localize the EGR2 gene to 
chromosome 10. To determine the chromosomal sublocati- 
zation of EGR2, we hybridized the Zap 32 plasmid to normal 
human metaphase chromosomes. Of 100 metaphase cells 
examined from this hybridization, 31 (31%) were labeled on 
region q2 of one or both chromosome 10 homologues. The 
distribution of labeled sites on chromosome 10 is illustrated 
in Fig. 4; of 160 total labeled sites observed, 41 (25.6%) were 
located on this chromosome. These sites were clustered at 
bands q21-22, and this cluster represented 18.1% (29/160) of 
all labeled sites (cumulative probability for the Poisson 
distribution is <<0.0005). Thus, these results indicate that 
the EGR2 gene is localized to chromosome 10 at bands q21- 
22. However, 20 grains, representing 12.5% (P < 0.0005) of 
all labeled sites were seen at 3p24-26. Similar results were 
obtained in three additional hybridization experiments with 
this probe. The observation of specific labeling on both 
chromosomes 3 and 10 in hybridizations using the Zap 32 
cDNA probe, which contains the £G/?2-e ncoded finger 
domain sequence, raised the possibility that this probe was 
hybridizing to another finger domain-containing gene located 
on the short arm of chromosome 3. Use of the P80 probe, 
which does not contain finger domain sequences, resulted in 
specific labeling of the proximal long arm of chromosome 10. 
Of 147 labeled sites seen in 100 metaphase cells, 21 (14.3%, 
P « 0.0005) were located at 10q21-22. Hybridization of this 
probe resulted in a substantial reduction of labeling on 3p; 
however, a few grains of unknown significance were noted at 
3p24-26. Two additional experiments resulted in specific 
labeling only of the long arm of chromosome 10. 

DISCUSSION 

A major goal of cell biology is to analyze the molecular 
mechanisms controlling gene expression. An important com- 
ponent of this network are DNA-binding proteins with 
transcriptional activity. The importance of such proteins in 
cell growth is suggested by the finding that c-jun (the cellular 
homologue of the oncogene v~jun) encodes the transcription 
factor API (32, 33), the discovery of c-y'wi-related genes (34) 
that are growth-factor regulated, and the identification of a 
zinc-finger-encoding gene (Egr-1 ) coregulated with c-fos (6). 
This paper reports the isolation and characterization of a 
second mitogen-inducible cDNA (designated EGR2), which 
also encodes a protein with zinc fingers. Furthermore, its 
levels are elevated after growth stimulation in fibroblasts as 
well as in lymphocytes; thus, like Egr-1, the expression of 
EGR2 is not restricted to one cell type. EGR2 is therefore 
probably involved in the network of genes controlling the 
proliferative response. Whether EGR2 acts to transmit, am- 
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plify, or limit responses to such stimuli is unknown. Whether 
EGR2 expression is specific to the G G -<j, transition remains to 
be determined. However, unlike Egr-1 1 Egr-2 induction is not 
seen in PC12 cells after stimulation by various agents, suggest- 
ing that differences exist in the 5' regulatory regions of these 
genes. 

Several reports show that the zinc-finger region alone 
confers sequence specificity of binding (35-37). The amino 
acids at the tips of the Cys 2 -His 2 loops are thought to be 
responsible for DNA contact (31). The surprisingly high 
degree of amino acid similarity of Egr-1 and EGR2 through- 
out the finger region and dissimilarity elsewhere offers a rare 
example among the Cys 2 -His 2 zinc-finger proteins for com- 
paring structure and function. As a working hypothesis it 
seems reasonable that Egr-1 and EGR2 might recognize the 
same DNA target sequences through their zinc fingers but 
that interactions with other transcriptional regulatory ele- 
ments could differ greatly. 

The high level of nucleotide similarity throughout EGR2 
and Krox-20 sequence suggests they are homologues. Al- 
though some differences in amino acid sequence could 
represent alternative splicing of small exons or evolutionary 
divergence, this possibility is unlikely to explain the exten- 
sive amino acid dissimilarity 3' to the finger domains resulting 
from the single nucleotide frameshift at position 1314 in the 
EGR2 sequence. We sequenced this area on three indepen- 
dently selected clones (Fig. 1). In addition, in our predicted 
sequence the four amino acids immediately after the last 
histidine of the third zinc finger match perfectly the corre- 
sponding four amino acids in Egr-1 thereby extending the 
region of their amino acid identity. 

The results of in situ chromosomal hybridization and the 
Southern blot analysis of somatic cell hybrids demonstrate 
that EGR2 maps to 10q21-22. Although few structural re- 
arrangements involving the long arm of chromosome 10 have 
been seen in human tumors, a loss of an entire chromosome 
10 has been reported as a recurring abnormality in gliomas in 
adults (38). Relatively few genes have been mapped to 10q21- 
22; of these, only the gene(s) implicated in multiple endocrine 
neoplasia type 2A and the gene for lipocortin lie are poten- 
tially involved in cell activation or growth (39, 40). As a result 
of the putative regulatory activity of EGR2, loss of this gene 
could lead to deregulated cell growth. 

Other EGR cDNAs exist that encode proteins with highly, 
related zinc fingers to those in Egr-1 and EGR2 (L.J J., V.P.S., 
unpublished data). This multigene family offers a rich oppor- 
tunity to investigate the relationship of signal transduction to 
gene expression in normal and transformed cells. 
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Biochemistry: Correction 



Proc. Natl. Acad. Sci. USA 86 (1989) 515 



Correction. In the article 14 Molecular cloning, sequencing, 
and mapping of EGR2, a human early growth response gene 
encoding a protein with * zinc-binding finger* structure" by 
Loren J. Joseph, Michelle M. LeBeau, Gordon A. Jamieson, 
Jr., Sonia Acharya, Thomas B. Shows, Janet D. Rowley, and 
Vikas P. Sukhatme, which appeared in number 19, October 
1988, of Proc. Natl. Acad. ScL USA (85, 7164-7168), the 
authors request that the following correction be noted. 
Sequencing of a human genomic EGR2 clone in their labo- 
ratory has identified an error in the 3 '-coding region of the 
EGR2 cDNA shown in Fig. 1 of that article. The GG at 
positions 1397-1398 should be replaced by a single guanine. 
The resultant corrected amino acid sequence after the Gin (Q) 
at position 398 should read (in one-letter code) P-G-G-T- 
L-C-S-S-N-S-S-S-L-G-G-G-P-L-A-P-C-S-S-R-T-R-T-P. The 
corrected Af r of the deduced 426 amino acid protein is 45,007. 
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The Egr family of cellular proteins is composed of four distinct 
members which contain closely related Cys 2 -His2 zinc finger 
motifs. Egr-1 (1, 2) [zif 268 (3), NGF1A (4), Krox 24 (5) and 
TIS 8(6)] is induced by diverse signals that initiate mitogenesis, 
differentiation and by neuronal excitation (2, 3, 4, 6). Egr-1 
activates transcription via the sequence CGCCCCCGC (7, 8, 
unpublished observations), thus suggesting that it may play a 
broad role as a nuclear signal transducer. The human Egr-1 gene 
is located on chromosome 5q23-31 (2). Since interstitial 
deletions in this area occur frequently in patients with therapy 
related acute myelocytic leukemia (t-AML) (2) and since Egr-1 
levels are high in differentiated myeloid cells (unpublished 
observations), it is possible that Egr-1 has a role in myeloid 
differentiation. We have therefore isolated and fully sequenced 
the human Egr-1 cDNA from a human 303 fibroblast library 
obtained by cross-hybridization to the murine Egr-1 clone OC3. 1 
(2). The overall nucleotide similarity between mouse and human 



sequences is 87% and 94% at the nucleotide and protein levels, 
respectively. The protein is particularly rich in proline, serine, 
and threonine residues that have been found in abundance in other 
transcription factors. Interestingly, the zinc finger domain (a.a. 
340-419) critical in DNA binding is identical in mouse (2, 3, 
5), rat (4), chicken (9) and man. 
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CCGCAGAACOTGGGGAGCCGCCGCCGCCATCCGCCGCCGCACCCAGCTTCCGCC^ 

MAAAKAEMQLMSPLQISDPFGSFPBSPTMD 
GACACCAGCTCTCCJU^CTGCTCGTCCAGGATGGCCGCGGCCAA^ 

NYPKLEBMHLLSNGAPQFLGAAGAPBGSGSHSSSS5SGGG 
AACTACCCTAAGC7GGAGGAGATGATGCTGCTGAGCAACGGGGCTC 

GGGGGGSNSSSSSSTFBPQADTGEQPYBBLTAE S T P D I S L 

HHBKVIiVBTSYP SQTTRLF P ITYTG R T S LEPAPHSGHTLW 

PEPLFSLVSOLVSMTHFPASSSSAPSPAASSASASQSPFL 
CCCGAGCCCCTCTTCAGCTTGGTCAGTGGCCTAGTGAGCATGACCAACCCACCGGCCT 

SCAVPSNDSSP I YSAAPTFFTFHTDIFPEFQSQAFPGSAG 
AGCTGCGCAQTGCGXTCCAACOACAOCAGTCCCATTTACT^ 

TALQYPPPAYPAAKGGFQVPMIPDYLFPQQQGDLGLGTPD 
ACAGCGCTCCAG7ACCCGCCTCCTGCCTACCCTGCCGCCAAGGCT 

QKPFQGLESRTQQPSLTPLSTIKArATQS 
CAGAAGCCCTTCCAGGGCCTGGAGAGCCGCACCCAGCAGCCTTCGCrAACCCCrrCT 

YQSQLIKPSRMRKYPNRPSKTPPBRRPYA 
TACCAGTCCCAGCTCATCAAACCC 

RSDBLTRBIRXHTGQKPFQCRICNRNrSR 



ATCIGGGCCTGGGCACCCCAGAC 
SQDLKALHTS 

CGAGGACCfGAAGGCCCTCAATACCAGC 
PVBSCDRRFS 

SDHLTTBIRTH 



TGBKPFACDICGRKFARSDERKRBTKXHLRQKDKKADKSV 
ACAGGCGAAAAGCCCTrCGCCTGCGACATCTGTGGAAGAAAGTTTGCCACG 
VASSATSSLSSYPSPVATSYPSPVTTSYPSPATTSYPSPV 



TSFSSPGS 



T Y P S P V 



GFPSPSVATTYSSVPPATPAQV 



SSPPSSAVTHSrSASTGLSOMTA^FflPRT IB I C 
AGCAGCTTCCCrrCCTCAGCTGTCACCAACTCCTrCAGCGCCTCCACAGGGC^ 



CTGGAGTGGAAGCTCTATTGGCCAACAATCCTTTCTGCCCACTTCCCC^ 
AGAACTTGATTTGakTGGATTTTGGATAAATCATTTCAGlATCATCICCATCATATGCCT 

AGAGCCCTGCCCTGCACCCTTGTACAGTGTfCTOTGCCATGGATTTC Gl ' T ' IT 1L1 I GGGGTACTCTTGATGTGAAGATAATTTGCATATTCTATTGTACTATTTGCACTTAGGTCCTCACT 
TGGGGGAAAAAAAAAAAAAAAAGCCAAGCAAACCAATGGTGA^ 1 1 1 1 1 TT T TGAAACAGCAGTCCCACTATTCTCAGAGC 

ATGTGTCAQAGT G TT G TT C CGTTAAC L. i ! f 1"1 1 GTAAATACTGCTTQACCGTACTCTCACATGTGGCAAAATATGGTTrG Ul J 1 11 CJT J ft M 1 1 HT GAAACT OTTl"! 1IC1T CGTCCT 
TTTGGTTTAAAA AGTTT CACGTCTTGGTGCCTrTrGTCTGATGCCCCTKCrGATO 

CTGAAAATGTAAATTTATAAATATATTCAGGAGTTGGAATGTTCTAGTTACCTACTGA 

TTOTACTTGTGTTTGCnAAACAAAGTGACTGTTTGGCTTAIAAACACATTGAATG^ 

GCTGCGATTGGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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150 
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A novel early growth response gene rapidly induced by fibroblast, epithelial 
cell and lymphocyte mitogens. 

Sukhatme VP, Kartha S, Toback FG, Taub R, Hoover RG, Tsai-Morris CH. 

Department of Human Genetics, Howard Hughes Medical Institute, Philadelphia, 
Pennsylvania. 

Mitogens evoke many alterations in gene expression in eukaryotic cells. Genes which are 
activated rapidly and transiently, that are evolutionarily conserved and whose induction is 
shared by diverse cell types when exposed to different growth stimuli are likely to be of 
critical importance in transducing mitogenic signals and regulating cellular proliferation, c- 
myc and c-fos are the only known genes fulfilling these criteria. We report on the molecular 
cloning of a novel early growth response (egr) gene which also satisfies these conditions. In 
response to serum, its 3.7 kb mRNA is induced dramatically in mouse fibroblasts reaching a 
peak level at about 30 minutes that is ten times higher than the maximal value attained by c- 
fos mRNA. This transcript is induced by the tumor promoter 12-0-tetradecanoyl-phorbol-13- 
acetate and is "superinduced" by serum and cycloheximide together. Importantly, the gene is 
highly induced by different mitogens in a wide array of cell types: insulin stimulated rat 
hepatoma cells, adenosine diphosphate treated monkey kidney epithelial cells, and 
phytohemagglutinin stimulated human peripheral blood lymphocytes. Given the many 
properties that this gene shares with c-myc and c-fos, it may play a key role in the control of 
cell growth and perhaps in oncogenesis. 
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A zinc finger-encoding gene coregulated with c-fos during growth and 
differentiation, and after cellular depolarization. 

Sukhatme VP, Cao XM, Chang LC, Tsai-Morris CH, Stamenkovich D, Ferreira PC, 
Cohen DR, Edwards SA, Shows TB, Curran T, et al. 

Department of Medicine, Howard Hughes Medical Institute, University of Chicago, Illinois 
60637. 

Egr-1 is an early growth response gene that displays fos-like induction kinetics in fibroblasts, 
epithelial cells, and lymphocytes following mitogenic stimulation. Sequence analysis of 
murine Egr-1 cDNA predicts a protein with three DNA binding zinc fingers. The human 
EGR1 gene maps to chromosome 5 (bands 5q23-31). Egr-1 mRNA increases dramatically 
during cardiac and neural cell differentiation, and following membrane depolarization both in 
vitro and in vivo. Thus, Egr-1 and c-fos are often coregulated with strikingly similar kinetics. 
These results, in conjunction with the Egr-1 primary structure, suggest that Egr-1 may 
function as a transcriptional regulator in diverse biological processes. 

PMID: 3127059 [PubMed - indexed for MEDLINE] 
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